Pathogenetics
The term pathogenetics has been coined to encompass the various and different mechanisms involved in pathogenesis of genetic diseases. It comprises the study of mutations, the study of mutagens, the study of the different pathogenetic mechanisms that result from disordered gene functions secondary to the change of gene structure, the study of the pathophysiological alterations in cellular functions secondary to the ensuing disturbances of the metabolic-regulatory networks that mediate and control these functions and, finally, the study of pathogenesis of genetic diseases.
Pathogenesis of genetic diseases
Genetic diseases are caused by mutations, or structural changes of the genetic material at any of its organizational levels. Mutations cause disturbances and alterations of the structure and/or function of the genetic material, leading ultimately to one or more of the following consequences:
1. Deletion, or loss, of part of a gene, one or many genes, part of a chromosome, one or more chromosomes, one or more of mitochondrial genes, or even a whole genome. 2. Duplication/rearrangement of the genetic material. 3. Deficient/defective transcription of mRNA. 4. Deficient/defective post-transcriptional modifications of mRNA.
5. Deficient/defective translation of mRNA leading to deficient/defective production of gene products. 6. Deficient/defective post-translational modifications of proteins. 7. Deficient/defective synthesis of genetic regulatory factors.
These include transcription nucleoproteins, transcription factors, microRNA, etc [1] .
Irrespective of the site, type, nature or magnitude of the mutational event(s) that drastically affect the genetic material, the resultant alterations in gene function(s) trigger many disturbances in one or more of the cellular metabolic regulatory networks mediated by the deficient/defective gene products, thus leading to a wide and varied spectrum of pathophysiological changes in cellular functions leading, ultimately, to development of genetic diseases.
The specific pathognomonic phenotype that characterizes each genetic disease is primarily determined by the spectrum of pathophysiological changes in affected subjects. These, in turn, are determined by the spectrum of the mutation-induced damage to the genetic material in affected patients.
Mutation
Mutation entails any uncoded or unprogramed permanent structural alteration of the genetic material at any of its organizational levels. These levels comprise a spectrum beginning with single nucleotide or a part of the nucleotide (base, sugar, phosphate), DNA, RNA, genes, chromosomes, mitochondrial DNA (mtDNA) up to the whole genome.
The effects of mutations differ widely according to many factors. These factors include the nature and target of the mutagen, the timing and magnitude of the resulting damage, and the balance between synergistic effects and anti-mutation mechanisms of the genetic material.
Mutations may occur without an identifiable cause and are termed spontaneous mutations, or they may occur secondary to exposure to a known cause, and are referred to as induced mutations. Factors that can induce mutations in the genetic material are called mutagens [2] .
Classification of mutagens
A. According to their nature, mutagens are classified into three main categories: 
Induced and spontaneous mutations
Induced mutations are structural alterations of the genetic material that occur due to exposure to the effects of any of the known mutagens. Spontaneous mutations, on the other hand, happen, probably, on regular basis because of the intrinsic nature of the genome. For instance, insertional mutations caused by spontaneous or programed movement of the transposons represent a major source of spontaneous mutations. Tautomerism of bases of the DNA also account for a considerable fraction of spontaneous mutations of the genetic material.
Nuclear and mitochondrial mutations
Nuclear mutations are mutations that affect nuclear genes carried on the chromosomes. Single gene disorders result from nuclear mutations that affect one or both genes of these disorders. Mitochondrial mutations affect genes of the mitochondria. Due to the presence of multiple copies, tens to thousands, of each mitochondrial gene inside each mitochondrion, pathogenesis of mitochondrial disorders requires the affection of a large fraction, nearly 80%, of the copies of the specific disease gene responsible for the mitochondrial disorder by the mutation.
Somatic and germinal mutations
Somatic mutations are mutations that affect the genome of somatic cells. The consequences of these mutations span a wide spectrum of pathological effects that include immediate or gradual cell death, progressive failure of cell functions, induction of apoptosis and malignant transformation. Conversely, germinal mutations that affect germinal cells are characterized by being heritable mutations. If the affected germ cell participates in fertilization and formation of the zygote, the mutation will be inherited leading to affection of the offspring.
Static and dynamic mutations
Static mutations are mutations that are transmitted as they are from an affected parent to an offspring. The mutation in the offspring is identical to that of the parent. Dynamic mutations, on the contrary, are mutagenic changes that increase in magnitude upon transmission from a carrier parent to his offspring. Triplet repeat expansion mutations that account for a large number of genetic diseases like fragile X mental retardation, Friedreich ataxia, Huntington's disease and many others, represent an obvious example of dynamic mutations of the human genome.
Pathological and non-pathological mutations
Pathological mutations are mutations that cause genetic disorders secondary to their damaging effects on structural, regulatory or master genes involved in the synthesis of proteins, transcription of non-coding RNA subtypes and the regulation of various vital cellular functions. Many mutations, however, do not result in pathological consequences to affected cells due to many factors, e.g. they might affect the non-genic parts of DNA, same-sense point mutations and mutations that are corrected by DNA and/or RNA repair systems. Miss-sense mutations of structural genes that affect amino acids in noncritical domains of the protein do not result in pathophysiological alterations or functional deterioration, rather they might result in non-pathological changes of other aspects of the protein, e.g., its molecular weight or its electrophoretic mobility [3] .
Point, small, gross and genomic mutations
Mutations are arbitrarily classified according to the magnitude of the mutational damage into point, small, gross and genomic mutations. Point mutations refer to mutation of one single base of the gene irrespective of the size of the gene. Small mutations involve larger mutations of many bases, one or more exons or introns and one or more genes. Gross mutations comprise chromosomal abnormalities where tens, or even hundreds, of genes are affected by deletion, inversion or translocation. Genomic mutations represent the extreme end of the spectrum of mutations where the whole genome undergoes mutational changes. Triploidy and tetraploidy represent rare examples of these genomic mutations. Also, aberrant development of vesicular moles and dermoid cysts represent clear examples of genomic mutations due to disordered imprinting of the whole haploid genome of the germinal cells following fertilization.
Base, sugar, phosphate mutations
Mutations, in general, refer to changes of the bases of the nucleic acids (A,G,C,T,U) and represent the commonest types of mutations of the genetic material. However, several kinds of mutations can affect the sugar portion of the nucleotide. Some physical and chemical mutagens can add an oxygen to the deoxyribose of DNA or remove an oxygen from the ribose of RNA or a whole deoxyribonucleotide might be substituted by a ribonucleotide. Such mutants with a ribonucleotide, instead of a deoxyribonucleotide, are usually silent but under abnormal conditions they might be attacked by ribonucleases leading to DNA breaks. Methylation of ribose of a coding nucleotide in mRNA may, also, lead to silencing or, even, to total suppression of translation.
Mutations that affect the phosphorus atom of the nucleotide can cause widespread detrimental effects on the integrity of the DNA strand. Irradiation turns ordinary phosphorus to radioactive phosphorus which, upon release of an electron, changes to non-radioactive sulfur and suffers a recoil in diameter leading to loss of its connection to the adjacent sugar. This results in multiple recoil breaks in the sugar-phosphate backbone of the DNA with ultimate breakage mutations of the nucleic acid.
Persistent and reversible mutations
Persistent mutations are mutations that cannot be corrected by the repair systems of the genome, get fixed in the affected portion of the genetic material and act as permanent structural alterations that can be transmitted, or inherited, from a carrier parent to an offspring. Reversible mutations, on the other hand, represent transitory programed changes of the genetic material that mediate specific transient regulatory functions, e.g., base methylation for suppression of gene function when there is no need for more of the gene product. Reversible mutations also include mutations corrected by repair systems and reversible breakage and reformation of hydrogen bonds between bases of the DNA following thermal agitation of the molecule [4] .
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